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Stick charts are a significant part of the Marshallese navigation tradition. Here we focus 
on the mathematical ideas of modeling and mapping embodied in these charts as well as on 
the ideas about wave dynamics that they incorporate. These planar representations were used 
to teach prospective navigators the principles and specifics of the unique Marshallese system 
of "wave piloting.'" © 1995 Academic Press, Inc. 
Les cartes marines ~t britons constituent une partie importante des traditions de la navigation 
aux iles Marshall. Cet article porte sur les idEes mathEmatiques pour la production de cartes 
et modules rEduits que ces cartes h bgttons renferment. I1 porte Egalement sur les idEes 
concernant la dynamique des vagues qui s'y troovent incorporEes. Ces representations planes 
servaient h enseigner aux futurs navigateurs le principes et les details de ce systbme de 
"pilotage des vagues," unique aux ~les Marshall. © 1995 Academic Press, Inc. 
Stabkarten sind ein bedeutsamer Teil der Oberl ieferungen zum Navigieren bei den Mar- 
shallinsulanern. In diesem Artikel konzentrieren wir uns sowohl auf die mathematischen 
Ideen des Modellierens und des kartographischen Erfassens, die in den Stabkarten stecken, 
als auch auf die Gedanken iaber Wellendynamik, die sie enthalten. Die ebenen Stabkarten 
wurden benutzt, um ktinftigen Seefahrern die Prinzipien und Spezifika des einzigartigen 
Systems des ,,Wellenlotsens" der Marshallinsulaner zu vermitteln. © 1995 Academic Press. Inc. 
MSC 1991 subject classifications: 00A71, 76-03, 01A07, 01A13. 
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INTRODUCTION 
The Marshall Island stick charts first came to the attention of Westerners in an 
1862 report by an American missionary [18, 304]. In his brief paragraph about 
them, he says that they were used to retain and impart navigational knowledge but 
were so secret hat his informant, although the husband of a chief, was threatened 
with death. During the next 50 years, about 70 charts and some information about 
them were obtained from Marshall Island navigators or those whO claimed to 
understand these navigational aids. (See Appendix for sources of published charts.) 
Here, as a case in ethnomathematics, we examine these charts and the knowledge 
they embody in order to increase our understanding of the scientific and mathemati- 
cal ideas of the Marshall Islanders. Our discussion places these ideas within their 
cultural and ideational contexts. To make them comprehensible, we draw upon 
what is familiar to us while taking care to distinguish our ideas which are being 
used to clarify or explain from those of the Marshall Islanders. By "our ideas" I mean 
the ideas now taught to those schooled in the modern scientific and mathematical 
traditions. As with most cases in ethnomathematics, the examination of the ideas 
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of the Marshall Islanders causes us to think further about some of our most basic 
concepts. In this case, we focus on ideas about models and maps. 
A standard ictionary definition of a map is "a representation, usually on a fiat 
surface, of a portion of space" [37, 701]. Generally its purpose is to locate specific 
places in relationship to other places. Numerous conventions have been developed 
to give meaning to the word "locate" and to make a map more than a personal 
mnemonic device. A map in an atlas, for example, includes longitudes and latitudes 
providing a grid system that can be used to specify any particular point--that is, 
we locate a point at the intersection f two lines. Most maps also include for 
orientation the directions North, South, East, and West and, usually, distances 
between points are smaller than, but proportional to, distances in the space being 
depicted. These conventions, however, are not the only ones possible. In fact, 
because the earth is round, when a sufficiently large portion of it is depicted on a 
fiat surface, direction and distance cannot both be preserved. For example, in the 
familiar maps based on Mercator projections, directions are preserved but, as a 
result, shape and distance are distorted. Even for small regions, quite different 
conventions can be used. On modern subway maps, for example, named stations 
are connected by variously colored straight lines. While quite imprecise with respect 
to distance or directions, they contain all we need to know in order to get from 
here to there within the subway system. To a subway rider, the fact that a stop is 
for local rather than express trains, or that it is where one can change from one 
line to another, is far more significant han the shape of the land masses or the 
exact distances being traversed. 
Maps, therefore, must be viewed broadly and, with a broad view, we can better 
appreciate them as products of mathematical bstractions. Maps, first of all, are 
analogical spaces--that is, one space is substituted for another. Secondly, physical 
entities elected as significant are symbolically represented. And, most important, 
relationships that may not be seen directly in the original space are made visually 
explicit in the analogical space. It is in establishing these relationships that scientific 
knowledge is used (or created); mathematical ideas arean integral part of the way 
in which these relationships are formulated and expressed. Essentially, this view 
of maps and mapping s the mathematical usage of the term but narrowed to a 
focus on physical space. 
In the history of Western cartography, a distinction was made between maps and 
charts. Charts referred to the depiction used by mariners which contained varied 
types of information based on their experience and specific to their purposes. Maps, 
on the other hand, were largely academic, concerned with the world as a whole. 
Early cartographers, uch as Ptolemy, defined what they did as geography--"a 
representation in pictures of the whole known world together with the phenomena 
which are contained therein." He distinguished that from chorography which he 
deemed regional and selective, "even dealing with the smallest conceivable locali- 
ties, such as harbors, farms, villages, river courses, and the like" [6, 61]. Our broader 
definition of maps follows more modern writers who view world-wide maps and 
local maps as different streams having an underlying conceptual unity and eventually 
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merging [20]. Differences in terminology, however, have persisted. Hence, maps 
specifically for mariners are still called charts and so the unique objects created by 
the Marshall Islanders are commonly referred to as stick charts. 
Made of palm ribs tied with coconut fibers and sometimes with a few shells 
attached, the Marshall Island stick charts are generally of two types. They are 
sizable objects, generally about 60 to 120 cm by 60 to 120 cm. Many are maps 
showing a few or many atolls in relationship to each ot er and to significant features 
of the environment. These are named meddo and rebbelith, the former having few 
atolls and the latter representing a larger area. The second type, named mattang, 
are quite different and are not what we classify as maps at all. They are, however, 
even more abstract as they model the dynamic geometry that underpins the wave 
piloting system of the Marshall Island navigators. It is these that captured my 
interest and will be our major focus. Used as training devices, they show the interplay 
of oceanographic phenomena nd land masses. That is, they are static, idealized 
representations of shapes and motions in the sea and at the land/sea interface. 
They introduce the prospective Marshall Island navigator to the features of the 
environment that will be included on the maps. Just as with any map, one must 
first understand what of the original space will be preserved as significant in the 
analogous pace. And, of course, as one learns what is significant, one is learning 
why it is significant or what role it plays in the system. 
THE ENVIRONMENT 
Lying between 4° 30' and 15 ° latitude and 160 ° and 175 ° longitude, the Marshall 
archipelago consists of about 29 coral atolls and 5 small coral islands formed into 
two parallel chains running about 960 km in a northwest-southeast direction (see 
Fig. 1). Each atoll consists of a lagoon surrounded by a narrow ring of coral reef 
and small islands. Lagoons of larger atolls are from 32 to 48 km long and 8 to 16 
km across. Bikini, the northernmost atoll in one of the chains, was made famous 
as the site of nuclear bomb tests after World War II. It, for example, consists of a 
ring of 51 small islands with a total land mass of 7.7 square km surrounding a 630 
square km lagoon. Before they were moved in 1946, the Bikini population was 170 
people [27]. Another example is the southern, more densely populated Majuro atoll, 
a ring of 61 small islands with land area totaling about 8.5 square km surrounding a 
260 square km lagoon with a 1946 population of about 1600 people [36]. In all, the 
Marshall Islands have a land area of just under 180 square km scattered over about 
970,000 square km of ocean. At the time they became part of the U.S. Trust 
Territory, there was a population of about 10,000 people. The archipelago issituated 
in the warmest part of the Pacific Ocean, where there is a fairly uniform mean 
annual temperature of 27°C with only about a 5.5 ° difference from day to night. 
Because there is so little land, much community attention focuses on how land 
is transmitted, how it is used, and how its fruits are distributed. Although there are 
variations in formality and details from atoll to atoll, there are clear social classes 
and, within these, kin and clan delineations. On Majuro, for example, about 10% 
of the people are nobility while the others are commoners. Land is never sold or 
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personally owned. Although worked by the commoners, rights to the produce of 
any piece of land are shared by the paramount chief, a noble lineage, and a com- 
moner lineage. Coconut palms, pandanus and breadfruit trees, some tropical hard- 
woods, and taro are of primary importance for food as well as for construction, 
weaving materials, and fuel. And copra (dried coconut meat) has been an export 
since the coming in 1860 of the Americans, then the Germans, then the Japanese 
[27; 33; 36]. 
With so much of the environment dominated by water, sailing and boats are an 
essential and integral part of life. On an atoll, within the lagoon, sailing canoes are 
used for fishing, for traveling to visit friends, and for the collection of food and 
copra. And, of course, boats are used for open sea fishing, in the vicinity of the 
atoll and for open sea travel to other atolls. Some small sailing canoes of about 5 
m, which can also be paddled or rowed, are for use around the edges of the reefs. 
But to cross the lagoon and to carry passengers and cargo, the boats are 7 to 9 m 
long and require a crew of 2 or 3 people. These, and still larger boats, are for travel 
to other atolls in the Marshall Archipelago and beyond. Very longdistance sailing 
trips to, for example, the Caroline Islands, the Palaus, and Saipan were still taken 
in this century but they are, for the most part, recalled as belonging to "the olden 
days" [36, 255]. The 1862 report of an American missionary [18] describes boats 
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that could carry 50 to 100 men in the open sea and also recounts the festive return 
from some northern atolls to Ebon of 800 people in a fleet of 40 boats. In another 
19th-century account [39], we read of 18.3 m long boats carrying 40 to 50 people 
each and flotilla of up to 100 boats. 
These large sailing expeditions were led by chiefs but their success and the success 
of the more common trips within the atoll chains, depended on the navigators. The 
navigators, usually relatives of the paramount chief, were specially selected and 
specially trained. Their knowledge and techniques were highly prized and well kept 
secrets. In general, knowledge was viewed as a personal possession carrying with 
it the responsibility for its preservation and transmission [30]. The navigators passed 
their knowledge and personally developed systems on to one of their children or 
to someone specifically adopted because of special interest or aptitude. Some who 
were considered master navigators oversaw the t aching of others in their extended 
family, giving rise to shared systems and ongoing "schools" that traced back to a 
master. It is particularly noteworthy that the child selected by a navigator to carry 
on the knowledge could be a male or a female; at least wo masters cited by the 
Marshall Islanders were women [14, 76-78; 29, 215-216]. Eventually, some of this 
navigational knowledge was told to Westerners. However, what was told was far 
from complete as the Marshall Island tellers never intended to give full understand- 
ing to others. Since the Marshall Islanders had no indigenous writing system, we 
have only what was eventually recorded by others. 
THE MATTANG 
The stick charts identified as mattang by the Marshallese were used in the training 
of navigators. A typical one is shown in Fig. 2. That these are not simply personal 
idiosyncratic devices but, instead, formalized and standardized models can be seen 
by comparing them with other, almost identical, rnattang that were separately re- 
ported and collected (see Fig. 3). Some other examples are shown in Fig. 4. When 
looking at these, several features are striking. One, of course, is their symmetry. 
Another is the interplay of geometric forms bringing to mind familiar words such 
as triangle, sector, arc, perpendicular bisector, angle of intersection, point of inter- 
section, and so on. Also, there is their diagram-like clarity. To emphasize that this 
is, indeed, the nature of the artifact and not the result of our rendering, we note 
in particular that Fig. 2 is a photograph while Figs. 3 and 4 are drawings. The 
lettered labels, however, are our superimpositions. 
The various parts of the mattang have been differently described by different 
writers who spoke with Marshall Islanders. From these descriptions, it is clear that 
the mattang are generalized configurations containing idealized shapes and forms 
that were used to explicate the principles of swell and land interaction. What 
sometimes appeared to interviewers as confusion or inconsistency was, instead, a 
problem created by their own persistence in believing that the mattang were specific 
and concrete. In a telling exchange, we read, for example, that a Marshall Islander 
first associated some point with Jaluit atoll and later with Namorik atoll. When 
faced with this contradiction "the natives were quick to explain that it didn't 
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FIG. 2. A typical mattang. (In the collection of the Smithsonian Institution, Department of Anthropol- 
ogy, Catalog No. 206187. Photographed from [39].) 
matter- - the chart was not where Jaluit in particular lay, but where land was. They 
stoutly maintained that it could be some island in another part of the world, one 
they had never seen" [12, 10]. This, of course, is what we deem an idealized model. 
What is more, as a generalized illustrative configuration, parts of the mattang were 
referred to in different ways, depending on the point being made. Rather than 
inconsistency, the various descriptions, taken together, convey a corpus of ideas. 
Before looking at the mattang specifically, we must introduce some of the oceano- 
graphic phenomena fundamental to the system of wave piloting. Basic among these 
phenomena re what we term refraction, reflection, and diffraction of swells. 
As waves move away from the winds that create them, they merge into swells 
formed by groups of waves of similar period and height. These sinusoidal swells 
can travel thousands of miles across deep open ocean with very little loss of energy. 
For the open Pacific Ocean, the period (T) of the waves is 16 or more seconds, 
wavelengths (1.56T 2 m) then are 395 m or more, and wavespeeds (T~g/2r r )  
are more than 80 kin/hr. Swells move at about half the speed of the waves that 
they contain because some of the energy goes into setting the water in front of 
them into motion. Because the Marshall Islands are surrounded by deep (4000-5000 
m) open ocean, long, fast moving swells that are clear and consistent in pattern 
move toward them across the water. Swells, however, change when they meet 
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underwater obstructions or get to shallow water. Shallow is a relative term, de- 
pending on the length of a wave: specifically, it is defined as less than half the wave 
length or, in this case, upward of 198 meters [5, 62-65]. Hence, in and around the 
Marshall Archipelago, the approaching swells are modified in direction and energy. 
The complicated and distinctive interaction of modified swells are the " landmarks" 
which the Marshallese navigators learn to read and interpret. 
Wave refraction and its effects dominate the mattang. When waves move into 
shallow water, friction causes them to slow down. Depending on the ocean depth 
beneath it, a wave slows down differentially and so bends, eventually becoming 
more  or less parallel to the underwater contours and, then, more or less parallel 
with the shoreline. This explains the familiar observation of standing on any beach 
and seeing the waves come in towards you, even though further out they may be 
seen approaching at an angle. Figure 5 shows how a wave train wraps around a 
circular island assuming that the island has a uniform and gradually sloping underwa- 
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ter topography. Some energy is lost to friction but, concomitant with the bending 
of the wave front, its energy may become spread out or concentrated in different 
places, and there can be an increase in wave steepness until the wave peaks, becomes 
unstable, and breaks [5; 26]. 
But, first of all, in the open sea, there is a swell moving in front of the wind. (Let 
us say the wind is coming from the East.) An atoll off in the westerly direction is 
signaled when the swell begins to bend inward. On the other hand, due west of the 
atoll, there will be a region where the refracted arms of the swell cross, although 
with greatly lessened energy. 
In our refraction diagram (Fig. 5), we showed a circular island with gradually 
sloping underwater topography. If the island were, instead, rectangular and rose 
up suddenly and steeply, the waves would be more abruptly stopped in their forward 
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motion. But, as the waves continue forward to the sides of the island, some of their 
energy is propagated sidewards, causing them to spread out along their edges. Just 
around the sides of the island, there may be an increase in wave height, but beyond 
that, these spread out edges are increasingly lessened in height [34, Chap. 5]. As 
with the diffraction of light, there is a "shadow" behind the island, but it is a shadow 
with imperfect edges (see Fig. 6).Thus, the more elongated the shape and the more 
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FIG. 6. Wave diffraction. 
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abrupt the rise of the atoll, the less bending of the swell occurs on the windward 
side; on the lee side, the bent arms may not even cross, as they are separated by 
a region with no energy from the swell. 
Whether the land barrier rises gradually or steeply, some part of the wave will 
be reflected backward. For a steep barrier, where there is no bending of the wave 
front, the reflected wave has much the same energy as the incoming wave, and so, 
meeting quickly and head on, they spray water up into the air. For a gradually 
rising barrier, it is the bent wave that is reflected back to meet the incoming wave 
(see Fig. 7). Hence, as waves meet at an angle, a running crest develops. This 
interaction of reflection and refraction takes place on the windward side of an atoll 
[5, 69; 14, 90-92]. 
Let us now look at the mattang and their idealized geometry of swell interactions. 
In Fig. 4e one swell is represented; in Figs. 4a and 4c there are two opposing swells; 
and on the most common mattang (Figs. 2 and 3) there are four swells, one from 
each of four perpendicular directions. Despite the symmetry of the mattang, ener- 
ally there is a slight difference that specially marks one direction. On each mattang 
in Figs. 2 and 3, there is a short stick (labeled AB in Fig. 3c) wrapped in a cord 
showing the direction from which the prevailing wind is moving toward a central 
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atoll (P). This serves as the orienting direction, referred to as rear. The swell shown 
moving in front of this wind is rilib ("backbone"); the one opposing it is kaelib; 
and the two from the perpendicular directions are rolok and bundockerik. Although 
rear is generally translated as "from the east," and the opposing and perpendicular 
directions then referred to as "west," "north," and "south," these words are simply 
for convenience. Their use does not imply that directions are conceived of in our 
frame of reference and "east," "west," "north," and "south" are not the same 
directions as ours indicated by those names. I will follow this conventional transla- 
tion as it simplifies referring to the direction the wind is coming from and the 
opposite and perpendicular directions. (In a few places, where it is significant, I 
will note the direction according to our system.) 
In any discussion of sailing, be it ours or Marshallese, of paramount importance 
is the relationship of where a boat is, its destination, and where the wind is coming 
from. Western diagrams are generally circular and symmetric but, as with the 
mattang, they specially mark the direction of the wind. Thus, for both, this is the 
orienting marker to which all else is referred. 
For Westerners, boat positions within the circle, and modes of sailing to a destina- 
tion at its center, are discussed in terms of sectors (see Fig. 8). Although the mattang 
are not circular, it is not surprising that they similarly have sectors prominently 
marked in some way. However, there is a crucial difference between Western and 
Marshallese boats that modifies the angles of the sectors of interest. With respect 
to a line from bow to stern, the hull of a European boat is symmetric while a 
Marshallese boat has an asymmetrical hull as well as extensions to both sides--an 
outrigger to one side and a balance platform on the other. As a result, its sail can 
only be put out on a particular side of the hull (the platform side), as contrasted 
to a European boat on which it can be put out on either side. Further, on a European 
boat there is a distinct difference between the front end and back end, while an 
outrigger can travel in either direction. No sailboat can sail directly into the wind 
(along the line from E to X in Fig. 8). In fact, it cannot sail in a direction too close 
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to that either. For European boats, too close is about 45 ° on either side of the wind 
(within sector DXC in Fig. 8); for outriggers it is within about 65 °. In order to sail 
in those directions, it is necessary to tack; that is, to sail back and forth across the 
wind, changing the side on which the sail is out each time the direction is changed. 
To accomplish this on a Marshallese boat, the rigging and sail must be picked up 
and moved to the other end of the boat so that what was the front becomes the 
back and vice versa. Hence, they avoid, if possible, approaches from this sector 
and, furthermore, the sector would be about 130 ° rather than our 90 ° . Similarly, in 
sector AXB, where the wind is behind the boat, the side for the sail differs for 
approaching X from within AXQ or from within QXB. European boats avoid a 
direction too close to QX since, if there is a slight deviation in wind direction or 
sailing direction, the full force of the wind can unexpectedly throw the sail to the 
other side. Sailors do, of course, cross the line and change the side of the sail when 
necessary, but with great care. For either type of boat, it is far preferable to remain 
decidedly on one side or the other of QX and so to have a course at least 15 ° or 
20 ° away from it. Finally, we note that because of ease of steering and greater 
efficiency in a strong wind, a course perpendicular to the wind is said to be easiest 
and most efficient for an outrigger canoe (a discussion of the outrigger canoe 
and how it handles under sail can be found in [16, Chap. 3]). Thus, Marshallese 
explanations of the mattang place the greatest emphasis on that line. Incorporating 
the foregoing statements into our form of diagram (see Fig. 9), the marked irections 
and sector angles become quite like those we see on the mattang (see Figs. 2, 3, 4). 
Another important issue, however, is how these directions and sectors are corre- 
lated, when in the water and out of sight of land, with where one is and where one is
going. While we rely, for example, on compasses, charts, and rulers, the Marshallese 
navigators use the swell interactions. 
In Figs. 4a and 4c, the straight edges that we have placed vertically on the page 
depict the opposing swells coming from the east (AB) and the west (CD). At the 
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center of each rectangle is an atoll. The swells (MN) are shown curving inward as 
they approach the atoll. Since on the mattang the arcs are similarly curved and 
placed equally distant from the atoll, their intersections and the atoll fall along a 
straight line perpendicular tothe direction of travel of the swells. These intersections 
and the north-south line they define are, as we noted, of paramount importance. 
(These lines and curved swells are shown in a slightly different way in Figs. 2, 3c, 
and 4b). Where the bent arms of opposing swells cross, there is a narrow sector 
(most clearly shown in Figs. 2, 3a, 3b, and 3c) in which a series of wavelets are 
noted. The wavelets are called hot (knots or nodes) and a series of them are idealized 
as being along the north-south line called okar (the root)-- just as one follows the 
root to get to the tree, following the okar will lead to the island [39, 493]. The 
direction to take along the okar is determined by the change in the angles formed 
by crossing swells; the angles decrease for bot closer to the atoll. 
In addition to using their intersections, the bent arms of the swells themselves 
are used to delimit the sectors of sail. The bent arms of rilib (coming from the east) 
as it passes the island are termed rolok (the northern arm- -RM on Fig. 3c) and 
nit in kot (the southern arm--KS on Fig. 3c). The former translates into "something 
lost," that is, you have missed the island, and the latter into "a hole," that is, a 
cul-de-sac. Both bent arms of kaelib (coming from the west) as it passes the island 
(TM and KQ on Fig. 3c) are called jut in okme meaning "stakes." Coming toward 
the center atoll from the north, one should stay between rolok and ]ur in okme 
until one finds the okar and follows it. Similarly, from the south, one should be 
between it in kot and jut in okme until one finds the okar [9; 10; 39]. 
Other meanings for the lines in Fig. 3c focus on atolls at 1, 2, 3, 4 rather than in 
the center. For these, the swells are shown as wedges rather than arcs. With the 
wind from the east, for an atoll at 1, FP represents the southern arm of rilib (AB), 
GP the northern arm of kaelib, and so 1P is the okar for the atoll at 1 when 
approaching from the south. Similarly, for atoll 2, PH is the northern arm of rilib, 
PN the southern arm of kaelib, with 2P the okar for atoll 2. If there is no atoll at 
the center between 1 and 2, one should follow the okar from 2 until one meets the 
okar for 1. And, for atoll 4, G4N is the bent rilib while, similarly, F3H is the 
bent kaelib. 
Other descriptions rely on a somewhat different denotation of the words nit in 
kot. Rather than referring to just one demarcation line, some use it to refer to the 
entire region (previously described as the region between it in kot and kaelib) on 
the leeward side of the island in which there is greatly lessened swell energy, or, 
alternately, to both lines that bound this region. In either case, for a wind from the 
east, when the island is to the east, one should sail north or south to meet one of 
these boundary lines in order to get out of being a "trapped bird" or, as we noted, 
having to sail too close to the wind [9; 30, 193-205; 39]. 
On the windward side of an atoll, wave reflection plays the prominent role. For 
a wind from the east, land in the westerly direction is signaled by reflected bent 
swells coming back against he main incoming swell. This interaction is said to be 
observable in a quadrant extending outward from the atoll for about 32 km. (Note 
360 MARCIA ASCHER HM 22 
WIND 
\ 
\ 
% 
~ T / e  incoming 
swell ,1, 
/ / t / " ~%4'~*~" 
"o" 
atoll 
FIG. 10. On the windward side of an atoll. 
again sector AB in Fig. 9 and the sectors marked, in particular, in Figs. 4a and 4c. 
For Figs. 4a, 4b, and 4c, now also visualize the curved swell moving eastward to 
meet the incoming straight swell.) In one account [11], the navigator says that, 
when at the meeting of the reflected and incoming swells, one should put oneself 
at the corner of the crossing and head away from the corner at an angle that is the 
same as they are forming (see Fig. 10). Another description [12] notes that directly 
windward of the atoll, the reflected swells are more or less parallel to the incoming 
swells but, at about 45 ° to either side, the effect of the crossing swells becomes 
clearly observable. This effect marks the delimiting arms of the quadrant and so 
the navigator seeks to sail parallel to one of the arms to go directly to the atoll. 
Note that both sets of instructions are, in effect, the same: it is when the incoming 
and reflected swells meet at a 45 ° angle that heading away from the corner at that 
angle takes one to the atoll and along one of the delimiting arms of the quadrant 
(again, see Fig. 10). 
Even without further definitive statements about what many details of the mattang 
represent, heir use as models of swell interaction for navigational purposes is clear. 
They isolate and idealize the swells, emphasizing directionality with respect o wind 
and land positions. That they are abstract models is highlighted by the use of four 
uniformly depicted swells from perpendicular directions and land masses ymmetri- 
cally placed and reduced to points. In actuality there is a prominent swell which is 
always present. (It moves, in our terms, from the northeast to southwest in front 
of the northeast trade winds.) One observer noted that, depending on the wind 
velocity, the swell has a height of at least 1.5 m. A secondary swell pattern is from 
the southeast to northwest. Swells from the southwest are apparently difficult for 
the unpracticed eye to observe and those from the northwest are more pronounced 
near the northerly atolls [36; 39]. And, of course, in actuality the atolls are not 
symmetrically positioned points but vary considerably in shape and size and relative 
positions [23; 24; 38]. 
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As with our explanatory scientific models, the mattang are quite distinct from 
representations that are simply intended to " look like" or evoke what is being 
depicted. Here accumulated experiential knowledge has been conceptualized into 
a general system, a system that is believed to apply to ceans and land masses 
anywhere and everywhere. The rnattang are models used to encapsulate and explain 
that system. In using them for teaching, they function as do diagrams on blackboards 
or figures in a text. We and they elaborate such depictions with words but, nonethe- 
less, particularly for dynamic systems, diagrams play a crucial role. The essence of 
an explanatory model  is its simplicity and parsimony. It strips the system to what 
is considered essential. Here  those essentials are phrased in terms of the geometric 
characteristics of the ocean phenomena- - the  substances of the land and sea and 
wind are recast into points, lines, curves, and angles, and the interplay of the 
phenomena re recast into how these geometric aspects change and interact. Since 
it is so well stated, to further emphasize the nature of explanatory models, we 
borrow from Apostel 's  discussion of them: 
... when a picture, a drawing, a diagram s called a model for a physical system, it is for the 
same reason that a formal set ofpostulates i called a model for a physical system. This reason 
can be indicated in one word: simplification. The mind needs in o e act to have an overview 
of the essential characteristics of a domain; therefore th  domain is represented either by a 
set of equations, or by a picture or by a diagram. The mind needs tosee the system in opposition 
and distinction toall others; therefore the separation of the system from others is made more 
complete than it is in reality. The system is viewed from a certain scale; details hatare too 
microscopical or too global are of no interest o us. Therefore they are left out. The system 
is known or controlled within certain limits of approximation. Therefore effects that do not 
reach this level of approximation are neglected. The system is studied with a certain purpose 
in mind; everything that does not affect this purpose i  liminated. [2, 15] 
Here we extend his grouping of "a picture, a drawing, a diagram" to include these 
artifacts made of palm ribs. 
Before leaving the mattang and turning to the charts categorized as meddo and 
rebbelith, a special mention must be made about angles and their measurement.  
Angles between swells and, in particular, angles that are the same or are increasing 
or decreasing are utilized. These must be determined by the navigator from within 
the boat and even in the dark of night. A primary method is to lie down in the 
bottom of the boat and feel the rocking from side to side [9, 21; 39, 507]. During 
their training, navigators are taught to analyze and interpret his kinesthetic informa- 
tion. In fact, one navigator [11] recounted that an early part of his training was 
being made to float in the water at various places in order to learn how to feel 
what would later be shown and explained to him. 
REBBELITH AND MEDDO 
The charts called rebbelith and rneddo are maps- - the  former of the entire archi- 
pelago, or one or the other of the atoll chains within it, and the latter of smaller 
regions. The creation and use of these maps rely on and incorporate the ideas 
already discussed. On  these maps, the general ideas that were included on the 
mattang are combined with detailed experiential knowledge to be made specific to 
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FIG. 11. Rebbelith. 
the region being depicted. Thus, the interplay of land and sea and the resulting 
directions and indicators of importance are particularized to groups of atolls. What 
is included on them is not semirealistic renderings of such things as indentations 
along coastlines or promontories but rather lines and curves whose interpretation 
was introduced with the mattang. There are decided differences in style, in part 
because the charts are products of different navigational schools, but also because 
they differ in their levels of generality. As with the mattang, these are used on land 
for the transmission and preservation f knowledge; that is, the information on 
them is carried on a voyage but the objects are not. 
In looking at the rebbelith in Fig. 11, it is important to keep in mind that the 
region depicted covers over 750,000 square km. The relative positions of the atolls 
are remarkably accurate given that they were determined without echnological 
aids and that vast open ocean spaces are involved. (The distances between Bikini 
and Rongelap or between Ailinglaplap and Jaluit, for example, are each about 
130 km.) 
In comparing these maps with Fig. 1, note that the latter has orientation lines 
running north/south and east/west. The orientation li es of the rebbelith are the 
straight edges we have placed vertically which are the swell rilib (driven by the 
prevailing northeast wind) and its opposing kaelib. To align the charts with our 
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FIG. 12. Meddo. 
map, we would have to tilt them approximately 20 ° west of north. This implies 
that the wind driving the swell is approximately 20 ° north of east, which 
corresponds quite well to the direction observers have recorded for much of 
the sailing season [15, Plate 14]. Further, on the charts are several repetitions 
of the inward bending rilib shown as arcs and as wedges. On each of the charts 
there is a prominent angle formed between the straight rilib and a northeasterly 
line emanating from just below Milli. While the shown angles are not equal to 
each other, they are striking in their similarity to some of the prominent angles 
on the mattang. 
Figures 12 and 13 are meddo, both focusing on the same subregion but somewhat 
different in style. Figure 14 is an actual photograph of the drawn artifact in Fig. 
13a. As was clear in the case of the rebbelith, the distances are not accurate nor 
were they intended to be. Again, it is relative position and the rilib and kaelib that 
are significant. For these charts, recall in particular the hot and okar discussed with 
the aid of the mattang. Here, marked along them, there are also some specific places 
depicted by short cross-lines and chevrons. 
These cross-lines are said to be distance markers howing significant, identifiable 
places: where the atoll just becomes visible on the horizon; where land can be seen 
from within the canoe; and where palm trees become distiguishable. Since the atolls 
are quite low, averging only about 3~ m above high tide level with a maximum of 
about 9 m, these distances range from about 16 to 24 km from an atoll. Further, 
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FIG. 13. Meddo. 
the chevrons indicate where the effects of ebb tides can be seen as they flow out 
through lagoon entrances [9]. 
In 1949, M. W. de Laubenfels, a professor of zoology, who was studying the 
distribution of varieties of sponges, interviewed some Marshall Island navigators 
to benefit from their knowledge of currents in the area [13]. Part of the discussion 
focused on their insistence on a current-flee region which reacts to tide changes in 
quite the same way as a lagoon of an atoll. That is, there is a channel through 
which the rising tide streams in and the falling tide rushes out. This anomalous 
current-flee region is south of Ailinglaplap extending to a line between Namorik 
and Jaluit, and its channel is east of Namorik between Namorik and Kil l  This 
discussion is particularly relevant when several of the charts are examined; for 
example, see the lower left in Figs. l la,  l lb ,  and 13a and the center left of Fig. 
12a. This general region received attention as seen further from the fact that the 
channel between Namorik and Kill is marked by chevrons. 
As previously noted, these charts were not carried while sailing. Reliance on 
memory is often found in oral cultures uch as the Marshall Islands culture at the 
time the charts were made and used. Those of us in literate cultures who have 
come to depend on the media of literacy are often both surprised and impressed 
by what others are able to commit to memory. For the Marshall Islanders, the 
artifacts from which they learned are apparently not needed while at sea. They, or 
the cues they provide, are committed to memory supported by other devices. 
One such set of devices are rojen koklol (translated as "navigational formulas" or 
"indicator mnemonics"). These are used to remember sailing directions and indica- 
tor signs for particular outes. They are also said to have magical properties that 
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FIG. 14. A photograph of the meddo in Figure 13a. (Smithsonian Institution, Department of Anthropol- 
ogy, Catalog No. 206188.) 
help maintain a high level of confidence during a difficult voyage. Closely related 
to these are alinlokonwa (translated as "sailing songs" or "songs from the stern 
sheets"). These are sung by the canoe steersmen and, although they are relatively 
short, each can be repeated for many hours. Their function, too, is to maintain 
alertness and confidence while reminding the navigator of dangers and indicators. 
In addition, the number of times a particular song is repeated is used as an aid in 
measuring elapsed time and, hence, assists in estimating how much of the course 
has been covered [8, 233-237]. 
As with other representations of knowledge among traditional peoples ]3; 4], we 
lack sufficient specifics to read one of these maps in full. We can, nonetheless, 
recognize that they are planar representations of particular geographical regions 
including what is significant about he regions for the Marshall Island navigators. The 
relationships on the rebbelith and meddo involve relatively large scale oceanographic 
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phenomena which incorporate localized details about wave refraction, reflection, 
and diffraction and their interaction. 
CONCLUSION 
The rebbelith and meddo surely embody the most important mapping concepts, 
that is, the creation of analogical spaces that make visually explicit relationships 
not visible from within the original space. But as expressions ofmathematical ideas, 
it is the mattang that we consider even more significant, for they serve to model 
the conceptual framework underlying the wave piloting system of the Marshall 
Island navigators. And, of course, it is that framework which gives meaning to the 
specifics on the rebbelith and meddo. 
In the history of modern science, understanding of the physical world and mathe- 
matical modeling have been intimately connected. In fact, geometric and then 
algebraic representations of physical systems have been the hallmark of modern 
science. The linkage is so tight that it is hard to conceive of the study of physics 
without he involvement ofmathematical ideas and mathematical descriptors. Why 
this is so, or why this should be so, has long been the subject of philosophical 
discussions. These discussions have included speculation on whether this is the 
nature of the universe, or the nature of the human mind, or simply the scientific 
tradition of Western culture. Because it is outside of the modern tradition, the 
Marshall Islands case offers an unusual contribution that may enrich these discus- 
sions. 
For this case, also, broadly dispersed experience and observations of natural 
phenomena are given meaning by being conceptualized into a coherent, structured 
system. The system is represented via a model which simplifies, highlights, and 
isolates what is considered essential. Most important, what is selected as essential 
are the geometric aspects of the phenomena. Here the natural phenomena re 
oceanographic; the system is a conceptualization of the interplay of land, sea, and 
wind; the model is a planar epresentation. Relative positions and relative directions 
become all important. Swells are reduced to curved lines and attention is given to 
the locus of points where the curves cross as well as the changing crossing angles as 
the curvature changes. In short, the system becomes one characterized bygeometric 
essentials which give rise to geometric mplications. And, what is more, the compact 
planar epresentation becomes the vehicle for transmitting to future navigators the 
accumulated experience subsumed by the conceptual system. 
Made of palm ribs and shells, the Marshall Island stick charts underscore the 
fact that analogical planar epresentations, whether of space or of physical systems 
and their inner relationships, are quite independent ofwriting systems and are not 
confined to any particular culture or any particular medium. By their mode of 
construction and their usage, these artifacts are deeply embedded inthe Marshallese 
culture. Navigational knowledge, of extreme importance in the life of the Marshall 
Islanders, is their context within that culture. As such, consideration f the mathe- 
matical ideas expressed through these charts provides us with a deeper understand- 
ing and appreciation of an intellectual endeavor of the Marshall Islanders. Figure 
15 reproduces a U.S. postage stamp that commemorates this endeavor. 
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FIG. 15. A. U.S. postage stamp issued in 1990. 
APPENDIX: PUBLISHED ILLUSTRATIONS OF CHARTS 
In 1902, A. Sch0ck published a compendium of drawings of all Marshall Island 
stick charts that he had located in museums and private collections. Before and 
since that time, additional drawings and photographs have been published. The 
following table summarizes the widespread corpus of stick chart illustrations used 
for this study. The table is provided to assist others who may be interested in further 
study of the charts. 
To differentiate he artifacts, each has been assigned anumber. Published illustra- 
tions of the artifact are identified by a letter or pair of letters corresponding to the 
bibliographic source followed by the figure number in the source. An asterisk with 
the figure number indicates a photograph as opposed to a drawing. Also noted in 
the table are charts which appear quite similar to each other although they are not 
the same artifact. (A question mark with the similar chart indicates they may 
actually be the same artifact but somewhat modified in the drawing process.) Charts 
that have been used as illustrations in this text are marked with a double asterisk. 
The letters used for the bibliographic sources are: A[1]; B[7]; BR[7, addendum]; 
DA[9]; DL[12]; Dv[a0]; G[17]; HA[Z1]; HL[19]; HN[22]; J[25]; K[28]; KN[29]; 
LN[32]; LW[31]; S[35]; W[39]. 
Chart no. Published illustrations Similar charts 
1 K44a 
2 A15; K44b; LW40 
3 HN2* 
4 HN4* 
5 $5 
6** B1; DL3*; HN3*; $6 
7** $7 
8 $8; W7* 
46? 
34, 35, 36, 37, 8
24, 25 
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Chart no. Published illustrations Similar charts 
9** $9;W6" 
10 $10 
11"* LW39;W1; Sl l  
12 S12 
13"* S13;W13a 
14 S14 
15"* $15 
16 $16;W5 
17 $17 
18 KN69; S18 
19 S19 
20 S20;W10* 
21 $21 
22 $22 
23 $23 
24** A16; B3;DA7a; LW41; $24;W2 
25 $25 
26 $26;W12" 
27** $27 
28 $28;Wl1" 
29 B4; DA7c; $29; W4 
30 BR1; DLI*; $30 
31 BR2; HNI*; $31 
32 $32 
33 $33 
34 $34 
35 $35;W3 
36** $36 
37 $37 
38 S38;WI3b 
39** $39 
40 $40 
41 $41 
42** $42 
43** $43 
44 $44;W9" 
45** $45;W8" 
46 $46 
47 $47 
48 $48 
49 $49 
50 DV2* 
51"* A13, B2;DA3 
52 K44c 
53 DV1*;HL15 
54 Jl* 
55 LNI* 
56** LN2* 
57 LN3* 
10, 11,12, 13, 14, 51,52,59 
9, 11,12, 13, 14,51,52,59 
9, 10,12,13, 14, 51,52,59 
9, 10,11, 13, 14, 51,52,59 
9, 10, 11,12, 14, 51, 52,59 
9,10, 11,12, 13, 51, 52, 59 
66 
4, 25 
4, 24 
58 
3, 35, 36, 37, 38 
3, 34, 36, 37, 38 
3, 34, 35, 37, 38 
3, 34, 35, 36, 38 
3, 34, 35, 36, 37 
41 
40 
57, 60? 
67 
2? 
9, 10, 11, 12, 13, 14, 52, 59 
9, 10, 11, 12, 13, 14, 51, 59 
42, 60 
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Chart no. Published illustrations Similar charts 
58 LN4* 27 
59 KN68 9, 10, 11, 12, 13, 14, 51, 52 
60 KN70 42?, 57 
61 KN71 
62 KN72 
63 KN73 
64 KN74 
65 HAl* 
66 KN66 23 
67 KN65* 43 
68 G290" 
69 K32 
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